The volatile components of Algerian Daucus aureus Desf. were investigated using a combination of analytical techniques. Analyses of essential oils obtained by hydrodistillation from the aerial parts and roots of the plant were performed using capillary GC/RI and GC/MS analysis. Seventy-one compounds were identified, constituting 90.2-96.0% of the total essential oils,. The main components from the aerial parts of the plants were germacrene D (11.3-67.2%), followed by caryophyllene oxide (0.9-9.5%), spathulenol (0.6-8.4%), (Z)--santalol (1.4-6.5%), viridiflorol (0.9-5.8%), cadin-4-en-7-ol (1.5-5.6%), and -cadinol (1.2-5.2%). The main components of the essential oils obtained from the roots of the plant were (Z)--santalol (14.1%), caryophyllene oxide (10.6%), spathulenol (9.8%), nonadecane (6.8%), and tetradecanoic acid (5.2%). The intraspecies variations of the chemical compositions of the essential oils from the aerial parts of D. aureus from 14 Algerian sample locations were investigated using statistical analysis. Essential oil samples were clustered into two groups according to their chemical compositions. This chemical variability could be attributed to growing conditions and environmental factors. The essential oils exhibited an interesting antimicrobial effect against the microorganisms tested, with MIC values in the range of 0.125-4.6 mg/mL. It is suggested that the essential oils from D. aureus may be a new potential source of natural antimicrobial compounds that could be applied in the pharmaceutical and food industries.
For many centuries, several Apiaceae species have been used as vegetables and spices, and also as folk medicines for curing various diseases [1] . A dozen important herbal medicinal products from this family, with antiseptic, expectorant, diuretic, carminative, vasodilator, and spasmolytic actions [2] , are described in some pharmacopoeias. The wild carrot is the progenitor (wild ancestor) of the domestic carrot. It is clear that the wild and domestic carrots are not the same species and both coexist in the modern world. It is a popular myth that the domestic carrot was developed from wild carrot, probably because of their similar smell and taste [3] .
Among the Apiaceae, the Daucus genus has been the subject of great interest. A series of studies has demonstrated the potential medicinal effect of the essential oils from various Daucus species: (i) essential oils from the aerial parts and fruits of D. carota ssp. carota (wild) and from the fruits of D. carota ssp. sativus (cultivated) exhibit antibacterial activities against Staphylococcus aureus and Streptococcus -hemolyticus strains [4] ; (ii) essential oils of the herb, flowering umbel, and mature umbel from D. carota ssp. carota (collected in their natural habitat near Łódź, Poland) exhibit moderate antibacterial/antifungal activities against S. aureus and Bacillus subtilis [5] ; (iii) an oil sample obtained at the end of the flowering stage from the aerial parts of D. carota growing wild in Corsica (France) was reported as an antimicrobial agent against the human enteropathogen Campylobacter [6] ; (iv) the volatile fraction of the roots of D. carota ssp. maritimus exhibited activity against some bacterial strains, in particular S. aureus and Streptococcus pneumoniae, Shigella spp., and Enterococcus faecalis [7] ; and (v) the essential oils of the roots of D. muricatus possess antifungal activity against the yeast Candida albicans [8] .
The main components of the Daucus essential oils described in the literature are listed in Table 1 . They are characterized by the occurrence of monoterpenes, sesquiterpenes, and phenylpropanoid compounds . Several investigations dealt with the chemical compositions of the essential oils of D. carota and its subspecies. Seven chemical compositions were identified, according to the main components: (i) -pinene with hydrocarbon monoterpenes was characteristic of D. carota ssp. carota from Poland [5] , Lithuania [9] , Portugal [10] , and D. carota ssp. sativus from Poland [11] ; (ii) -pinene with hydrocarbon sesquiterpenes predominated in D. carota ssp. carota from Serbia [12] ; (iii) -pinene with phenylpropanoids {(E)-methylisoeugenol} was characteristic of that from Corsica [6, 13] ; (iv) sabinene with hydrocarbon monoterpenes was characteristic of D. carota ssp. gummifer from Spain [14] ; (v) sabinene with phenylpropanoids (myristicine and dillapiole) was dominant in D. carota ssp. maritimus from Tunisia [7] ; and (vi) phenylpropanoids (apiole, myristicine, elemicine, (E)-methylisoeugenol) with sesquiterpenes were characteristic of D. carota ssp. halophilus from Portugal [15] and D. carota ssp. carota from Italy [10] , Tunisia [16] , and vii) oxygenated sesquiterpernes were dominant in D. carota ssp. maximus from Egypt [17] .
Regarding the other Daucus species, four chemical compositions were distinguished, according to the main oil components: (i) hydrocarbon monoterpenes (-pinene, limonene, and sabinene) were dominant in D. guttatus ssp. zahariadii from the Balkans [18] , D. muricatus [8] and D. sahariensis [19] from Algeria, and D. gingidium ssp. gingidium from Italy [20] ; (ii) hydrocarbon monoterpenes with phenylpropanoids (elemicine and myristicine) were characteristic of D. littoralis from Turkey [21] , D. glaber from Egypt [22] , and D. reboutii from Algeria [23] ; (iii) phenylpropanoids syrticus Egypt Carotol (up 50 %). [26] (isochavicol derivatives) predominated in D. crinitus from Algeria [13, 14] ; and (iv) oxygenated sesquiterpenes (carotol) characterized D. syrticus from Egypt [12] .
D. aureus Desf. belongs to a section of Chrysodaucus Thell. and is one of the 11 Daucus species that grow in Algeria. The average height of these plants exceeds 50 cm in some areas, whereas it reaches only 15 cm in others [27] . To our knowledge, no work has dealt with the chemical composition of the essential oils of D. aureus. In the course of our characterization of the volatiles of Algerian Daucus species, we investigated for the first time the chemical composition of the essential oils obtained by hydrodistillation from D. aureus roots and aerial parts using gas chromatography (GC) and GC/mass spectrometry (GC/MS). In addition, we assessed their potential antimicrobial effects against clinically important pathogenic microorganisms.
The locations of harvest of D. aureus plant materials were distributed in two areas. Area 1 was considered as a mountainous zone with altitudes up to 800 m; Area 2 was a littoral zone near the Mediterranean Sea. Area 1 is characterized by sandstone Sequanian rock with brown fersiallitic soil originating from limestone rock, and is under the influence of a cold climate. This soil is rich in bases, including Ca 2+ , Mg 2+ , and K + , existing in a climate vegetation (holm oak, Aleppo pine) with a dense undergrowth, but wetter and more porous. Area 2 is characterized only by calcareous soil humic substances rich in organic matter that developed at the expense of former marshy (swampy) ground [28] . The yields of D. aureus essential oils obtained from fresh aerial parts harvested in the 14 locations ranged from 0.01% to 0.2%. Moreover, it was noticeable that higher yields (0.1-0.2%) were linked to oils from plants sampled in Area 1, and lower yields (0.01-0.07%) to oils from plants sampled in Area 2 ( Table 2 ). However, it was difficult to collect a sufficient amount of roots in all locations to prepare essential oils from each station; thus, all the collected roots were combined to produce an essential oil from D. aureus roots (EO Roots) via hydrodistillation.
The gas chromatographic profiles of the essential oils obtained from the aerial parts of D. aureus contained a wide variety of compounds in low proportions; consequently, all individual oil samples were pooled to produce a "collective essential oil" (EO Coll.) that was used to perform detailed analysis using successive fractionations and GC/RI and GC/MS. Analyses of EO Roots and EO Coll. accounted for 94.3% and 96.3% of the total oils, respectively, and allowed the identification of 71 compounds. Their retention indices and their normalized % abundances are shown in Table 3 .
All components were identified by comparison of their EI/MS and GC retention indices with those of our laboratory-produced "Arômes" library, with the exception of 10 components that were identified by comparison with spectral data and retention indices from the literature ( Table 3 ). Among them, 45 sesquiterpenes, 14 monoterpenes, 12 aliphatic compounds, and one diterpene were identified. Two essential oil types were produced by D. aureus.
The essential oils from roots were mainly composed of oxygenated compounds (66.1%) and those from the aerial parts by hydrocarbons (62.5%). The main components of EO Roots were oxygenated sesquiterpenes (59.6%), such as (Z)--santalol (14.1%), caryophyllene oxide (10.6%), spathulenol (9.8%), and -cadinol (4.2%). Conversely, the main component of the essential oils of the aerial parts was a sesquiterpene hydrocarbon, germacrene D (42.8%), which was accompanied by spathulenol (4.2%), viridiflorol (3.6%), cadin-4-en-7-ol (3.5%), and (Z)--santalol (3.2%). In contrast to the previous studies on the chemical composition of Daucus species, the essential oils of D. aureus differed greatly from the others by the presence of the sesquiterpene compounds. It is noticeable that three germacrene compounds (D, A, and B) and -, -, and -elemene were probably obtained by Cope rearrangements [29] .
Although the 14 essential oils from D. aureus aerial parts were qualitatively similar, there were significant differences in the normalized percentage abundances of their main components. For EO  EO  coll  S1  S2  S3  S4  S5  S6  S7  S8 S9 S10 S11 S12 S13 S14 .7 a Order of elution is given on apolar column (Rtx-1), b Retention indices on the apolar Rtx-1 column (RIa), c Retention indices on the polar Rtx-Wax column (RIp), d Response factors (RF), e Algerian samples: S1, Saf Saf; S2, Chetouane; S3, Ain Fezza; S4, Laourit; S5, Mansourah; S6, Zarifet; S7, Khemis; S8, El Emir Abdelkader; S9, Ghazaouet; S10, Sidi youchaa; S11, Beni Saf; S12, Oulhaça; S13, Rachgoun; S14, Oulad Benayed (B'hira), Normalized % abundances, f RI: Retention Indices; MS: Mass Spectrometry in EI mode; Ref,: compounds identified from literature data [36] ; EO coll: collective essential oil from aerial parts. instance, the concentrations of normalized percentage abundances of germacrene D (N39) ranged from 11.3 to 67.2% of the studied essential oils (Table 3) . To identify possible relationships between volatile compound abundances and geographical origins, principal component analysis (PCA) and cluster analysis (CA; dendrograms) were applied to a matrix linking essential oil compositions to sample locations. The data presented in Figures 1 and 2 were obtained from the correlation matrix and the standardized matrix.
The distributions of germacrene D (N39), spathulenol (N49), caryophyllene oxide (N50), globulol (N51), viridiflorol (N52), cadin-4-en-7-ol (N58), -cadinol (N59), and (Z)--santalol (N65) are shown in Figure 1 . The principal factorial plane accounted for 93.6% of the chemical essential oil variance. The F1 axis (88.4%) was positively correlated with oxygenated sesquiterpenes (N49,  N50, N51, N52, N58, N59, and N65) and negatively correlated with the hydrocarbon sesquiterpene germacrene D (N39) (Figure 1) . The dendrogram and plot established using the first two axes suggest that there are two main groups of D. aureus oils (Figures 1 and 2) . Group I includes oil samples from seven locations (S1-S7). Table 4 , the oil samples of group I were characterized by high amounts of germacrene D (N39) (39.5-67.2%), whereas the normalized percentage abundances of other sesquiterpenes never reached 3.2%. Group II included seven oil samples (S8-S14), in which lower amounts of germacrene D (11.3-18.2%) and higher amounts of oxygenated sesquiterpene compounds, such as spathulenol (5.2-8.4%), caryophyllene oxide (7.3-9.5%), (Z)-α-santalol (4.3-6.5%), viridiflorol (3.2-5.8%), cadin-4-en-7-ol (4.1-5.6%), τ-cadinol (2.3-5.2%), and globulol (2.3-3.8%) were found compared with group I.
As shown in
However, statistical analysis clustered the essential oil samples into two distinct groups linked to the origin of harvest. Group I consisted of oil samples that were germacrene D rich, and originated from the mountains of Tlemcen (Area 1), whereas group II consisted of oil samples that were oxygenated sesquiterpene rich and originated from the littoral zone near the Mediterranean Sea (Area 2). These results suggest that variations in the composition of essential oils among populations can be attributed to growing conditions and environmental factors. In fact, Area 1 is characterized by soils that are richer in bases, including Ca 2+ , Mg 2+ , and K + , compared with those of Area 2; the chemical variability observed could be linked to the presence of divalent metal ions, such as Mg 2+ , Mn 2+ , Ni 2+ , and Co 2+ , which improve specifically the production of hydrocarbon sesquiterpenes in plants [30] .
The biological activity of the collective oils of the roots (R EO) and aerial parts (AP EO) of D. aureus against microorganisms was examined using a disc diffusion method and by determination of the minimal inhibitory concentration ( Table 5 ). D. aureus essential oil displayed antibacterial and antifungal activities against the pathogens studied. A preliminary screening of the in vitro antimicrobial activity of the oils was developed using the filter paper disc agar diffusion technique. According to the classification of Rota et al. [31] , R EO and AP EO oils showed strong activity (inhibition zones > 20 mm) against B. cereus, B. subtilis, respectively while both oils were efficient against C. albicans. They exhibited moderate activity, with inhibition zones ranging from 12 to 16 mm against L. monocytogenes and S. aureus. Concerning E. faecalis, K. pneumonia, and E. coli, oils showed little growth inhibition, with zones of inhibition ranging from 6 to 10 mm ( Table  5 ). The MIC values of the essential oils against the microbial strains studied are shown in Table 5 . These results demonstrated that the essential oils from D. aureus exhibited potential antibacterial properties. The MIC values against the microorganisms tested ranged from 1.5 ± 0.4 to 4.8 ± 0.5 mg/mL. The essential oils obtained from roots showed higher activity against bacteria than did those obtained from the aerial parts. The most prominent inhibitory action of essential oils from roots was observed against B. cereus, with a MIC of 1.5 ± 0.4 mg/mL. However, L. monocytogenes, B. subtilis, and S. aureus exhibited moderate activity, with MIC values of 3.2 ± 0.6, 4.6 ± 0.5, and 4.2 ± 0.6 mg/mL, respectively. The antibacterial activity of the root oils may be partially associated with their major constituents, such as (Z)-α-santalol, caryophyllene oxide, and spathulenol. In fact, the latter two compounds have been previously shown to be active against many organisms and are known to exhibit antibacterial activity [31, 32] .
Regarding the antifungal effect, the oils obtained from aerial parts were effective against the pathogenic yeast C. albicans (MIC = 0.125 ± 0.02 mg/mL). It should be noted that the highest tested concentration (5 mg/mL) had no effect on the growth of other microorganisms. These essential oils were mainly composed of sesquiterpenes. Increased attention has been paid to the pharmaceutical and medicinal roles of sesquiterpenes. Many research studies have shown that these compounds have various biological functions, including antibacterial, cytotoxic, and antifungal activities [33] .
In this work, we found significant differences in the yields and chemical compositions of the essential oils obtained from the aerial parts and roots of D. aureus from Algeria. The geographic origin and the growing conditions of the plants may significantly affect the chemical composition of the essential oils from the aerial parts of D. aureus. Our data showed an interesting biological activity of those oils against referenced microorganism strains. Therefore, they may be considered as a natural alternative to the antimicrobial agents applied in the pharmaceutical and food industries. 
Experimental
Plant material and oil isolation: Aerial parts and roots of D. aureus were collected at the flowering stage in July 2012 from 14 locations, (S1-14) widespread in 2 areas of western Algeria (Tlemcen): the first area from Tell Mountain and the second area from the littoral. The plant material was botanically identified by Pr. Noury Benabadji (Laboratory of Ecology and Ecosystem Management of University of Tlemcen Algeria). Voucher specimens were deposited in the herbarium of the University of Tlemcen. Fresh aerial parts (400-500 g) were submitted to hydrodistillation for 5 h using a Clevenger-type apparatus according to the European Pharmacopoeia [34] . Some information concerning the 14 harvest locations (origins, latitudes and longitudes) are tabulated in Table 2 .
Oil fractionation: Collective oil (1.5 g) was obtained by the mixture of all oil samples, which was then subsequently submitted to flash chromatography (FC, silica gel 200-500 μm, elution with n-pentane, then with diethyl ether). Two fractions were obtained: fraction I apolar (0.92 g: hydrocarbon compounds) and fraction II polar (0.52 g: oxygenated compounds).
Gas chromatography:
Analyses were carried out using a Perkin Elmer Clarus 600 GC apparatus equipped with a dual flame ionization detection system and 2 fused-silica capillary columns (60 m x 0.22 mm I.D., film thickness 0.25 μm), Rtx-1 (polydimethylsiloxane) and Rtx-Wax (polyethylenglycol). The oven temperature was programmed from 60°C to 230°C at 2°C/min and then held isothermally at 230°C for 35 min. Injector and detector temperatures were maintained at 280°C. Samples were injected in the split mode (1/50), using helium as the carrier gas (1 mL/min); the injection volume was 0.2 μL. Retention indices (RI) of the compounds were determined from Perkin-Elmer software.
Gas chromatography-mass spectrometry:
Samples were analyzed with a Perkin-Elmer TurboMass quadrupole analyzer, coupled to a Perkin-Elmer Autosystem XL, equipped with 2 fused-silica capillary columns and operated with the same GC conditions described above, except for a split of 1/80. Electronic Impact (EI) mass spectra were acquired under the following conditions: Ion source temperature 150°C, energy ionization 70 eV, mass range 35-350 Da (scan time: 1 s).
Component identification and quantification:
Identification of the components was based (i) on the comparison of their GC retention indices (RI) on non-polar and polar columns, determined relative to the retention time of a series of n-alkanes with linear interpolation, with those of authentic compounds or literature data and (ii) on computer matching with commercial mass spectral libraries [35, 36] and comparison of spectra with those of an in-house laboratory library. Component quantification was carried out using peak normalization % abundances calculated by integrating FID response factors relative to tridecane (0.7 g/100 g), used as internal standard. 
Antimicrobial assays

Agar disc diffusion method:
The standard agar disc diffusion method was used to evaluate the inhibitory spectrum of the essential oil against the micro-organisms analyzed in the present study. The bacterial inoculi were seeded on Mueller Hinton agar solidified in Petri dishes, in such a way as to produce uniform growth throughout the dish. Once the dishes were prepared, 6 mm-diameter discs of filter paper containing 10 µL of the undiluted essential oil were pressed lightly against the surface of the agar. After 30 min at room temperature, the dishes were incubated in a bacteriological oven at 37 ± 1°C for 24 h. For the cultures of C. albicans, the incubation time was 48 h, at 27 ± 1°C, and the substrate was Sabouraud dextrose agar. At the end of the test period, the diameter of the inhibition zone formed over the agar culture was measured in mm. All tests were conducted in triplicate and the inhibition zones formed in the experimental dishes were compared with those of the controls.
Determination of the minimum inhibitory concentration (MIC):
The MIC was defined as the lowest product concentration that prevented visible growth of bacteria, assays were performed by standard dilution methods. All tests were performed on Muller Hinton agar. Briefly, 30 µL of 2-fold serial dilutions in DMSO (dimethylsulfoxide, Sigma-Aldrich) was added to 15 mL of agar to obtain concentrations ranging from 0.1 to 5 mg/mL of tested product. The resulting agar solutions were mixed at high speed for 840 Natural Product Communications Vol. 8 (6) 2013
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15s, immediately poured into sterile Petri dishes, and then allowed to set for 30 min. The plates were then spot inoculated by pipetting 10 5 CFU of the desired strain on the spot on the plates. A negative control was prepared without essential oil, using only DMSO. Gentamycin and Amphotericin B (Sigma-Aldrich) were used as positive controls. Inoculated plates were incubated at 37°C for 24 h. After the incubation period, the plates were observed and recorded for the presence or absence of growth. Each test was repeated at least 3 times.
Statistical analysis:
Chemical data analyses were performed using Principal Component Analysis (PCA) and Cluster Analysis (CA) [37] . PCA provides the data for diagrams in which both objects (oil samples) and variables (oil components) are plotted while canonical analysis informs a classification tree in which objects (sample regions) are gathered. PCA was carried out using the statistical R software. The variables have been selected using function from the statistical software. The CA produced a dendrogram using the Ward's method of hierarchical clustering, based on the Euclidean distance between pairs of oil samples.
